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INTRODUCTION
Foot and mouth disease (FMD) virus is an important disease of livestock in Thailand. Though usually mild in nature, the disease is economically significant due to the inability of infected animals to work, the reduction of milk yields and restrictions on international trade (6, 15) . The first confirmed diagnosis of FMD in Thailand was of type A in 1953 (5) and currently three of the seven serotypes of FMD virus (type O, type A and type Asia 1) are endemic in Thailand.
The control of animal movement and mass vaccination have assisted in eradication of the disease in southern Thailand, with no reported cases of FMD south of latitude 12° since August 1981 (1) . At present, the disease is restricted to north, north-east and central Thailand. The most prevalent of the FMD viruses in South-East Asia is reported to be type O1 (2) , and outbreaks of FMD caused by type O are periodically reported in northern Thailand. A recent report (10) suggested that type O field isolates were beginning to display a degree of antigenic variation from the vaccine reference strain, sufficient to cause concern about the efficacy of the vaccine in use. 
MATERIALS AND METHODS

Viruses
Field virus
All samples used in this study were submitted to the Northern Veterinary Research and Diagnostic Centre in Hang Chat, Lampang, as tongue epithelium samples. Routine samples were tested in an indirect sandwich enzyme-linked immunosorbent assay (ELISA) (11, 16) , and aliquots of processed samples were stored at -80°C in the period prior to tissue culture propagation. Samples containing type O virus were selected from five provinces from each of the two regions served by the Northern Veterinary Research and Diagnostic Centre. Where possible, a sample from both the 1986-1987 and 1989-1990 epizootics foi each province was tested. One pig, three buffalo and sixteen cattle isolates were selected from specimens submitted between October 1986 and October 1989. The isolates chosen for evaluation are detailed in Tables I and II . Isolates were removed from 80°C storage and passaged no more than seven times in primai y bovine thyroid (BTY) cells, second passage bovine kidney (BK) cells or baby hamster kidney (BHK) cells until they reached a satisfactory infectivity titre. 
Reference viruses
The reference viruses used in this study were obtained from the Department of Livestock Development, Foot and Mouth Disease Centre in Pak Chong, Nakhon Ratchasima. Type O BKK/60 vaccine challenge virus had thirty four cattle intradermolingual passages followed by six BHK cell line (C34/BHK6) passages. Type O Nakhon Pathom 1964 (O NPT/64) had thirteen porcine intradermolingual passages followed by nine BHK cell line (P13/BHK9) passages.
Antiserum
Convalescent antiserum to type O BKK/60 collected at 21 days post infection was also obtained from the Foot and Mouth Disease Centre in Pak Chong.
Microneutralisation test
All isolates were assessed for their serological relationship to the reference virus (type O BKK/60) in a two-dimensional neutralisation test (13) using antisera raised against the reference virus. Duplicate tests were cairied out on all isolates except reference virus O NPT/64. The O BKK/60 reference virus was tested on eighteen occasions, usually concurrent with field isolate evaluations.
Calculation of the r value
The relationships of the field virus isolates to O BKK/60 are expressed as an r value. The r value was calculated by employing the following formula:
titre of O BKK/60 antiserum against field (heterologous) vir us r titre of O BKK/60 antiserum against O BKK/60 reference (homologous) virus
Significance of the r value
An r value close to 1.0 indicates that the field virus isolate has a close antigenic relationship with the reference virus.
As the r value decreases, this indicates a corresponding decrease in the homology of the field virus isolate with the reference virus. The critical r value is the highest value of r which is distinguishable from 1.0 at a set probability for a given number of test replicates (14) . Using the values tabulated by Rweyemamu and Hingley (14) , for the parameters of this study (i.e. eighteen test replicates of homologous reference virus and duplicate testing of heterologous field viruses) at P -0.01, the critical r value is 0.259. Tables I and II. Employing the critical r value of 0.259 as the lower limit of statistically significant relatedness, none of the virus isolates tested varied significantly from the reference virus. The mean titre of the reference serum against O BKK/60 over the eighteen test replicates was 10 3 5 1 at virus input of 100 TCID50.
RESULTS
DISCUSSION
Antigenic variation of FMD virus has been widely investigated (3, 4, 12) . It occurs both in the field and on laboratory passage of the virus, and is of great importance to vaccine efficacy. A number of studies have been performed to determine the relationships of FMD type O virus isolates to reference viruses in the South East Asia region (2, 7, 8, 9, 10) . Some significant antigenic differences relative to reference viruses have been reported (8) , while other investigations have reported antigenic changes of lesser significance (7, 9, 10) . A survey of ten FMD type O isolates collected during 1980 and 1981 from a wide geographical area of Thailand indicated that all isolates except one were comparatively closely related to at least one of three type O vaccine strains (7). However, on examining the relationship between South-East Asia regional isolates and O1 BFS 1860, Ouldridge and colleagues (10) suggested that a major change had occurred in the type O1 virus in Thailand, and that this had contributed to an extensive outbreak of FMD in central Thailand between 1979 and 1981.
In the course of virus propagation in this study, the passage of virus isolates in the laboratory was minimised to restrict the possibility of antigenic change which could influence r values (4) . Furthei more, isolates were selected from a number of geographically distinct outbreaks in each epizootic to achieve a broad sample of field viruses from the northem region.
The practical significance of the r value is to indicate the likelihood that 111 vivo protection could be obtained when using a particular vaccine against a given field virus. The curtical 1 value is a well defined value, but not directly related to 111 vivo protection. The formulation of the critical r value is based on the assumption that quantitative differences in antigenic composition of the compared virus strains gives rise to measurable serological differences. These measurable differences, and the potential to detect them, are dependent on the inherent errors of the serological tests employed. These errors, in turn, are influenced by the number of replicate tests performed for each of the homologous and heterologous viruses assessed, and by interlaboratory variability (12) . The results presented show that there is a close antigenic relationship between all the field viruses and the reference virus, because for all viruses tested the r value was considerably greater than the critical r value. This data also indicated that no major change in the antigenic relationship had occurred in the interval between epizootics.
The variance of log10 (titre) for the eighteen estimates of the reference bovine serum was 0.04. This accords with the criteria for use of the table of critical r values for varying numbers of replicates used (14) .
It was of particular interest that type O field viruses circulating in the late 1980s bore a close and uniform antigenic relationship to O BKK/60, a virus isolated almost 30 years previously and used in vaccine production. While no direct comparison was made, the results also pointed to a relative antigenic homogeneity amongst field viruses, both within and between epizootics, and suggested that such antigenically stable field viruses were probably from a common enzootic source. These observations also suggested that the antigenic relationship between field viruses and vaccine virus was not an important epidemiological variable contributing to type O FMD outbreaks in northern Thailand in recent years. The limited extent of variation between r values indicated that a single vaccine strain can be used to control FMD in northern Thailand.
CONCLUSION
Based on the r values determined, the field virus isolates were not significantly different from the O BKK/60 reference virus. The small amount of variation in r values between epizootics suggested that little antigenic variation occurred in type O virus and, therefore, that field strains from both epizootics and the vaccine challenge strain arose originally from a common source. (1986 1987 et 1989-1990 
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